Tunka-Rex is the radio extension of Tunka-133 located in Siberia close to Lake Baikal. The latter is a photomultiplier array registering air-Cherenkov light from air showers induced by cosmic-ray particles with initial energies of approximately 10 16 to 10 18 eV. Tunka-Rex extends this detector with 25 antennas spread over an area of 1 km 2 . It is triggered externally by Tunka-133, and detects the radio emission of the same air showers. The combination of an air-Cherenkov and a radio detector provides a facility for hybrid measurements and cross-calibration between the two techniques. The main goal of Tunka-Rex is to determine the precision of the reconstruction of air-shower parameters using the radio detection technique. It started operation in autumn 2012. We present the overall concept of Tunka-Rex, the current status of the array and first analysis results.
radio detection technique. These experiments proved that the 23 radio emission can be detected from air showers with energies 24 1 The chemical composition of cosmic rays (i.e, the primary particles) can be reconstructed only by indirect methods from air-shower measurements, for example, by combining study of primary energy and shower maximum, which can be obtained by the optical detectors. 
26
The open question is the precision of the reconstruction for 27 primary energy and shower maximum. Up to now, the exper-
28
iments have given only upper limits for these quantities (20 % 29 for the energy and about 100 g/cm 2 for X max ) [15, 16, 17, 18] .
30
In a very recent report from the experiment LOFAR, it was es-31 timated that a precision of the X max reconstruction can reach 32 up to 20 g/cm 2 [19] . This precision would be comparable with 33 the fluorescence technique. The current challenge is to reach a 34 competitive precision with an economic radio array which can 35 be scaled to very large areas.
36
The main goal of Tunka-Rex, the radio extension of the
37
Tunka observatory for air showers, is to answer this question, array ( Fig. 1) , which is organized in 25 clusters formed by 7
Setup and hardware properties

57
PMTs each.
58
The spacing between the antennas in the inner clusters is ap- (Fig. 3) . log filter (Fig. 4) . First, this improves the signal-to-noise ratio properties, particularly, on the differences of cable lengths, we 95 can estimate the window for the radio signal (see Fig. 6 ) Signal (µV)
Time (ns) channel 1 channel 2 Figure 6 : Trace of the radio signal from air-showers before correcting for the antenna pattern. We take the first 500 ns (left shaded area) for the noise level estimate and estimate the bounds for the signal window (central shaded area) from cable lengths, hardware delays and detector geometry.
• "vertical" events: zenith angle θ < (Fig. 7) . Due to these reasons, only a small fraction of the air- Due to the geomagnetic effect, the radio signal is expected to be on average stronger for events coming from North, which explains the asymmetry in the detection efficiency: 89 of the 131 events are in the northern half of the plot, and 42 in the southern half.
Cherenkov events have also a clear radio signal (see Fig. 8 for   154 an example). Moreover we demand that the direction recon-155 structed from the arrival times of the radio signal agrees within 156 
5
• with the direction obtained from the photomultiplier array.
157
This cut excludes most of the background events, which by 158 chance pass the signal-to-noise cut. In future, we plan to de- 
First Results
169
Until now, we found 49 events with a zenith angle θ ≤ 50
• ,
170
and 82 events with θ > 50
• in an effective measurement time Events detected by air-Cherenkov radio Figure 10 : Tunka events with energies above 10 17 eV detected by the PMT array, and those events passing the quality cuts for the radio measurements. The efficiency increases with energy E, the sine of the geomagnetic angle sin α, and the zenith angle θ.
of 392 hours (Table 1) . Generally, the radio efficiency increases 172 not only with large geomagnetic angles α, i.e. the angle between 173 the shower axis and the geomagnetic field 2 (Figs. 9 and 10 ), but 174 also with larger zenith angles (Fig. 7) . In addition, we expect 175 that the event rate will increase when we complete the array to 176 25 antennas this autumn, and optimize our algorithms for digital 177 background suppression.
178
To test the expected sensitivity of the Tunka-Rex measure- [27], and then fitted an exponential function ( Fig. 11 and 12) 3 .
190
Consistent with several historic and modern experiments 191 [9, 14, 15, 16] , the amplitude parameter of the lateral distri-192 bution is correlated with the primary energy (Fig. 13) . ever, the analysis is still preliminary, e.g., because of the status 3 The exponential fit function has chosen according to the pioneer LOPES and CODALEMA experiments. First, this simple approximation was sufficient for the precision reached on these experiments, second, two parameters in that fit function could be easily connected to shower parameters. By the ongoing experiments and simulations it could be shown that the lateral distribution is more complicated and contains an azimuthal asymmetry due to the interference of the geomagnetic and the Askaryan effect. In addition to using the lateral distribution, X max might also be 
218
In future, we plan to optimize the reconstruction techniques,
219
and to compare our measurements to simulations and other ex-220 periments. A detailed background study might help to improve 221 the signal-to-noise ratio and to increase the precision of the re-
